The present study was aimed to observe the effects of urea ingestion, non-protein nitrogen, on the disorder of nitrogen metabolism with the L-carnitine contents using the blood, kidney, liver, and femoral muscle as markers. A total of 8 Japanese white rabbits were used in this experiment. They were fed a basal diet prepared for the control group and the nitrogen volume proportionated to one-third of CP 14%, was replaced with urea in the feed of the experimental group for 7 days. On the final day, the animals were fasted from the previous evening and sacrificed. Blood was collected into a test tube at the same time of the sacrifice and their heart, kidney, liver and femoral muscle were collected. The L-carnitine contents in each sample and the urea in the blood were determined. The results of the growth test showed that there was no significant difference. Furthermore, there was no significant difference in the contents of L-carnitine and urea in each sample. It was concluded that nitrogen replacement of the diet with urea, in the range of 1/3 of dietary protein, had neither effect on the maintenance of body weight nor nitrogen balance, including the de novo synthesis of L-carnitine.
Introduction
L-Carnitine has an important role in the transport of fatty acids into mitochondria, which converts the fatty acids into energy in the various cells. In the previous reports, authors proposed that L-carnitine supplementation equalized unbalanced fatty acid degradation that is enhanced by exercise [1] [2] . However, it is well known that plants contents varied according to the energy intake within a tissues group [3] .
The fermentation by microorganisms in the digestive tract contributes to the nutritional metabolism of mammals, and coprophagy plays an important role thorough the re-ingestion of nutrients typified by amino acids and/or vitamins [4] [5] [6] synthesized by microorganism. Microorganism can synthesize amino acids with non-protein nitrogen in the digestive tracts and the contents in the re-ingested feces preserve it in the dietary status. Early reports suggested that rabbits could use protein synthesized by microorganisms as a body protein and they could show smooth growth as a result [7] , but the L-carnitine content of tissues has never been determined under those condition.
The present study aimed to evaluate the effect of urea ingestion as a non-protein nitrogen source, which could induce a disorder of nitrogen metabolism, on the L-carnitine contents of various tissues.
Materials and Methods

Animals and Diets
A total of 8 Japanese white rabbits including two 46-month-old and six 14-month-old rabbits were used in this experiment. The rabbits were housed individually in dormitory-type cages. A daily 12-h light/dark cycle, an environmental temperature of 21˚C ± 3˚C and 60% relative humidity were maintained throughout the trial period. The diet was prepared in accordance with the feeding standard by the National Research Council (1977) [8] . For the experimental group, the feed content of nitrogen proportionated to 1/3 of CP 14% was replaced with urea. The contents of the diet are shown in Table 1 .
The animals consumed the diet in a pellet form under ad libitum conditions.
Experimental Design and Methodology
The rabbits were assigned to one of two groups with age and body weight matching.
The control group included 4 rabbits receiving no replacement diet, and the other 4 rabbits in the experimental group received a diet replacing 1/3 of CP nitrogen with urea for 7 days. Feed intake and the body weight were determined daily and on the first and final days. On the final day, the animals were fasted overnight, and they were sacrificed.
Blood was collected into test tubes at that time and their kidney, liver and femoral muscle were collected. The blood plasma was prepared from the whole blood by moderate centrifugation (1500 ×g) and stored at −40˚C for the determination of urea and L-carnitine contents. After the organs and tissues were washed with isotonic saline (0.85% NaCl), the weight was determined and they were stored at −40˚C.
The animals used in this study were cared for in accordance with the guideline of the Animal Welfare Act of Tokyo University of Agriculture.
Analysis
Initially, each 1 g of stored organs or tissues was dissolved in 6 mL of 2 M KOH solution for 120 min at 50˚C. The same volume of 2% sulfo-salicylic acid solution was added to the stored blood plasma and dissolved the solution of organs or tissues for the removal of protein sediments. The L-carnitine in the supernatant of the organ or tissue samples were determined under UV 21 nm by liquid chromatography (LC-20AD, Shimadzu, Co. Ltd., Kyoto, Japan) and the following conditions: a Unison UK-C18 column, 20 nM phosphate buffer, including a 5 nM octane sulfonic acid sodium carrier, and a flow rate of 0.8 mL/min. For the determination of the L-carnitine content in organs or tissues, the samples were diluted 50 times. The urea content in the blood plasma was determined using a UV spectrophotometer (UV-1800, Shimadzu, Co., Ltd., Kyoto, Japan) with a determination kit (Funakoshi, Co., Ltd., Tokyo, Japan)
Statistics
The results were statistically analyzed with one-way analysis of variance at a significance level of P < 0.01. The values are expressed as the means ± standard error.
Results
Results of Growth Test
The chemical composition of the diet used in this study is shown in Table 1 . Mean feed intake and body weight gain for both groups are shown in Table 2 . There is no significant difference in comparison of body weight gain, while the feed intake in the experimental group is lesser than that of the control group.
L-Carnitine Contents of Blood, Organ and Tissue
Blood L-carnitine contents (mg per liter) are as follows: control group 17.6 ± 2.5 and experimental group 15.8 ± 3.1 ( Figure 1 ). The L-carnitine contents (mg/kg) of the control and experimental groups are as follows: in kidney, 268 ± 90 and 630 ± 109, respectively; in liver, 1376 ± 261 and 1753 ± 369, respectively; and in femoral muscle, 7268 ± 2208 and 5067 ± 1538, respectively ( Figure 2 ). While the contents of each organ and tissue showed differences in the nitrogen replacement, there is no significant difference in the statistical treatment.
Urea Contents of Blood
The urea content (mg/mL) of the control group is 36.3 ± 2.7 and 34.6 ± 2.2 for the experimental group, as shown in Figure 3 . There is no significant difference between groups.
Discussion
There are some reports related to the roles of L-carnitine in rabbit tissues, and most of them reveal its role in energy production with the supplement method. Casillas and Chaipayungpan [9] reported the carnitine contents of epididymal spermatozoa in an organ culture containing 25 mM of L-carnitine, and they proposed that the accumulation of carnitine supported sperm maturation; however, there are few reports on the natural contents in rabbit tissues and/or organs. Madeleine [10] reported the L-carnitine contents of rabbit muscle and liver as food for humans. The present values are larger than the previous study, and this difference may be caused by the difference in the assay employed. Curto et al. [11] reported on the change in carnitine levels of various tissues in accordance with the development of the rabbit. They determined the total acid soluble carnitine, free carnitine, and short chain esterified carnitine in the liver, heart, skeletal muscle, and brain at fetal, birth (0-day), 5-day old, 15-day old, and 180-day old rabbits. The results showed that the value after birth (0-day) differed from the values of the before stages in total acid soluble carnitine, whereas the values of skeletal muscle were stable. Although the rabbits were of a different age, this study showed that the L-carnitine level was considerably stable.
The present study aimed to compare the effect of urea ingestion on the L-carnitine contents of the various tissues. Urea is a potent source in the feedstuff of ruminant and hindgut fermenting animals as an improvement of fiber digestibility and/or a direct supplement of nitrogen. An improvement in the nutritional value of crop residue treated with urea has been reported by several researchers with rabbits [12] [13] [14] . The present results of growth tests agreed with the results in the earlier reports [7] [14] . The main effect of the replacement of the nitrogen source on the growth performance of rabbits was not found, and the following amino acid imbalance, which was caused by the disorder of the amino acid pool in the blood and organs, may change the L-carnitine contents. L-Carnitine is not present in the composition of the test diet; therefore, the stable contents of L-carnitine in various tissues were maintained by the de novo synthesis in the disorder amino acid metabolism. According to the difference of L-carnitine contents in various tissues/organs, Madeleine [10] concluded that the L-carnitine content was highest in the muscle and that the liver and kidney showed the lowest levels of L-carnitine synthesis organ in the data of various animals. The present results agreed with this tendency; the muscle had the highest L-carnitine content among blood and tissues. Tsuneishi et al. [3] reported that a reduction in energy intake of grazing of cows increased the L-carnitine synthesis rate because a high content of L-carnitine was detected in loin. Presently, the L-carnitine content in the femoral muscle slightly decreased after the 1/3 nitrogen replacement, though it was not statistical different. Therefore, the de novo synthesis of L-carnitine was not affected by the nitrogen replacement of the diet for the rabbits. The nitrogen replacement of the diet in the present experiment may not appreciably affect nitrogen metabolism, because there was no significant difference in the blood urea content. This finding suggests that there was no degradation of body protein for the amino acid supply.
It was concluded that the nitrogen replacement of diet with urea in the range of 1/3 of dietary protein had no effect on the maintenance of body weight and nitrogen balance, including the de novo synthesis of L-carnitine for the rabbits.
